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Summary

Background: COVID-19 school closures pose a threat to children's wellbeing, but no

COVID-19-related studies have assessed children's behaviours over multiple years .

Objective: To examine children's obesogenic behaviours during spring and summer

of the COVID-19 pandemic compared to previous data collected from the same

children during the same calendar period in the 2 years prior.

Methods: Physical activity and sleep data were collected via Fitbit Charge-2 in

231 children (7–12 years) over 6 weeks during spring and summer over 3 years.

Parents reported their child's screen time and dietary intake via a survey on 2–3

random days/week.

Results: Children's behaviours worsened at a greater rate following the pandemic onset

compared to pre-pandemic trends. During pandemic spring, sedentary behaviour

increased (+79 min; 95% CI = 60.6, 97.1) and MVPA decreased (�10 min, 95%

CI = �18.2, �1.1) compared to change in previous springs (2018–2019). Sleep timing

shifted later (+124 min; 95% CI = 112.9, 135.5). Screen time (+97 min, 95% CI = 79.0,

115.4) and dietary intake increased (healthy: +0.3 foods, 95% CI = 0.2, 0.5; unhealthy:

+1.2 foods, 95% CI = 1.0, 1.5). Similar patterns were observed during summer.

Conclusions: Compared to pre-pandemic measures, children's PA, sedentary behav-

iour, sleep, screen time, and diet were adversely altered during the COVID-19

pandemic. This may ultimately exacerbate childhood obesity.
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1 | INTRODUCTION

The coronavirus disease 2019 (COVID-19) pandemic resulted in

widespread health, social and economic consequences, particularly

in the United States. Globally, approximately 1.5 billion elementary

school-age children (ages 5–12) were impacted by school closures and

began virtual learning in March and April 2020.1 The school closures

enacted to limit the spread of COVID-19 pose a potential threat to

children's physical and mental wellbeing. Structured environments

such as school and extracurricular activities provide opportunities for

positive health behaviours (e.g., minimal screen time, nutritious meals,

physical activity [PA] opportunities and a regular sleep schedule)

which reduce the risk of overweight and obesity.2,3 During summer

months, obesogenic behaviours increase and ultimately lead to

List of Abbreviations: 95% CI, 95% confidence interval; BMI, body mass index; COVID-19,

coronavirus disease 2019; HRR, heart rate reserve; MVPA, moderate-to-vigorous physical

activity; PA, physical activity.

Received: 20 March 2021 Revised: 26 July 2021 Accepted: 2 August 2021

DOI: 10.1111/ijpo.12846

Pediatric Obesity. 2021;e12846. wileyonlinelibrary.com/journal/ijpo © 2021 World Obesity Federation 1 of 11

https://doi.org/10.1111/ijpo.12846

https://orcid.org/0000-0002-0840-1680
https://orcid.org/0000-0001-5889-974X
https://orcid.org/0000-0002-5602-8470
https://orcid.org/0000-0002-1909-8170
mailto:ba12@mailbox.sc.edu
http://wileyonlinelibrary.com/journal/ijpo
https://doi.org/10.1111/ijpo.12846


unhealthy weight gain.4 This effect is more pronounced among low-

income, as well as Black and Hispanic families.5,6 COVID-19-related

closures and mitigation strategies may inadvertently alter children's

health behaviours by mimicking an ‘extended summer vacation’ envi-
ronment, largely devoid of external structure that school or extracur-

ricular activities provide. The lack of structure may exacerbate

obesogenic behaviours and ultimately lead to unhealthy weight gain.7

Concerns about children's health behaviours during the pandemic

have been reflected through commentaries forecasting the immediate

and distal effects of COVID-19 on children's activity, sleep, dietary

intake, and screen time.8 Initial cross-sectional and longitudinal stud-

ies indicate children are less active,9–12 consume more snacks,11,13

and engage in more screen time10–12 compared to retrospective recall

of pre-pandemic behaviours or self-reported behaviours. Although

effects of the pandemic on sleep duration and quality have been

mixed,12–15 there is a shift towards later bed/wake times,14–16 which

is concerning given the link between later bedtimes and negative

health indicators.17

No current COVID-19 related studies have assessed children's

behaviours across multiple years. This is particularly relevant as

both seasonality and developmental changes are known to impact

children's levels of PA,18 sedentary behaviour,18 sleep,18 screen

time,19 and dietary intake.20 Furthermore, relatively fewer studies

to date have reported on multiple health behaviours (i.e., PA, sleep,

screen time and diet) within the same sample.11,13,21 The purpose

of this study was thus to examine children's obesogenic behaviours

during the COVID-19 pandemic compared to previous data col-

lected from the same children during the same calendar period in

each of the 2 years prior (i.e., 2018, 2019). Specifically, behaviours

in spring and summer of 2020 were compared to spring and sum-

mer of 2019, after accounting for yearly maturational changes mea-

sured from 2018 to 2019. This interrupted time series design is

strengthened by the repeated measures of behaviours among the

same children,22 the use of objective measures of PA and sleep,

and methods used to reduce recall bias to measure screen time and

dietary intake.

2 | METHODS

2.1 | Study design

This quasi-experimental interrupted time series study is an extension

of a larger, longitudinal study to examine changes in body mass index

(BMI) and fitness of children (age 7–12 years) attending year-round

and traditional schools.23,24 When traditional randomized controlled

trials are not possible, a quasi-experimental interrupted time series is

a strong alternative design,25 and can uniquely inform public health

research. With this design, the specific time point in the series at

which an “exposure” (i.e., pandemic) occurred must be known, and

subsequent causal hypotheses about the effect of the pandemic can

be tested by examining trends before and after that point in time.

Using multiple observations prior to pandemic onset is a strength of

this design and reduces threats to internal validity, most notably the

threats of maturation (i.e., study outcomes being a result of natural

change over time) and history (i.e., the potential for variables other

than the pandemic to influence the outcome). This allows us to com-

pare natural changes prior to the pandemic (i.e., “maturation” to

changes that occurred during the pandemic above and beyond what

would have been considered a natural change over time (i.e., pan-

demic + maturation).

Participant recruitment took place in 2018 and 2019. Schools

were matched on school-day structure, start and end times, enroll-

ment, and student demographics. All children attending these three

schools in kindergarten through third grade were invited to participate

in behavioural measures in spring of 2018.24 Parents were asked to

return a consent form to the child's school to indicate their interest in

participating. Of those who expressed interest, children were ran-

domly selected to participate in the longitudinal study (Table 1). The

current study leveraged this existing cohort and added additional

measurement time points for a subsample of participants during the

COVID-19 pandemic in 2020. At the initiation of this extension of

the original cohort study (April 2020), all participating schools had

adopted the same virtual learning schedule 5 days per week

(Figure S1), so participants from different schools were combined for

this analysis. All measurements were collected in six-week “sprints”
during the school year and summer. For these analyses, only measure-

ments collected during overlapping segments were included

(i.e., April/May and June/July).

2.2 | Participants

Two hundred thirty-one unique children from the southeastern

United States provided data in 2018 and/or 2019. Children from the

existing cohort with valid 2018 and/or 2019 data were invited to par-

ticipate in additional measurement time points (referred to as “2020
subsample”) during the pandemic unless they had moved out of the

area, opted out of the study, or no longer responded to phone com-

munication. Parents opted into this extension of the original study by

responding to a brief online survey. Of the 157 invited, 74 enrolled

and provided valid data (Table S1).

TABLE 1 Participation of children in sample by year

2018 2019a 2020b

Participants invited 240 168 157

Provided valid data 182 127 74

No response 10 7 63

Opted out 7 6 14

No data 2 2 0

Moved away 39 26 6

Note: Please see Table S1 for a detailed breakdown of the number of
children who provided valid data across time points.
aSample was refreshed n = 50.
bOnly children with valid data in 2018 and/or 2019 were invited.
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2.3 | Measures

Upon opting in (mid-April), and consistent with previous data collec-

tion waves, participants were mailed an envelope with study informa-

tion, a Fitbit and charger, and a pre-stamped envelope to return their

device in August. PA and sleep were measured via a wrist-worn Fitbit

Charge-2 (Fitbit Inc., San Francisco, CA). Children were asked to wear

the device every day over each six-week measurement period in

spring and summer each year (i.e., 2018–2020). Fitbit devices that

integrate heart rate and accelerometry provide good agreement with

polysomnography and electrocardiography.26,27 Parents were

instructed to sync their child's Fitbit via the Fitbit app installed on

their mobile phone. Parents were sent reminders to sync three times

per week. Upon syncing, data were stored on the cloud-based

Fitabase platform (Small Steps Lab, LLC, San Diego, CA). Data

processing for PA and sleep have been previously described else-

where.24,28 Briefly, PA intensity was calculated from heart rate data.29

Children's resting heart rate was ascertained from their daily lowest

average heart rate over ten consecutive minutes.30–33 From this, chil-

dren's PA intensity was determined using percent of heart rate

reserve (HRR) where 0%–19.9% HRR is classified as sedentary activ-

ity, 20.0%–49.9% HRR is classified as light PA and ≥50% HRR is clas-

sified as MVPA.34 Days in which children had at least 10 h of waking

wear time were considered valid days and included in analyses.

Sleep outcomes of interest included nocturnal sleep duration

(i.e., total sleep time, in minutes), sleep timing (sleep onset, offset, mid-

point) and sleep variability (i.e., individual standard deviation of sleep

midpoint). Sleep onset occurred in the first minute that the child's

nocturnal sleep episode began while offset occurred when the last

minute of the sleep episode was recorded. Sleep midpoint, which is

an indicator of timing shifts,35 was calculated as the time halfway

between onset and offset. For this analysis, nocturnal sleep was

defined as a sleep period lasting >240 min with sleep onset between

7 PM–6 AM and offset between 5 AM-1 PM. Sleep periods that fell

outside these criteria were flagged as invalid. Sensitivity analyses

were conducted to examine the influence of invalid sleep periods on

outcomes of interest. Because we hypothesized that children's

nocturnal sleep patterns may shift during the COVID-19 pandemic,

only daytime sleep periods (i.e., onset between 6 AM–7 PM) were

excluded.

During each 6-week measurement period, parents reported

children's consumption of healthy and unhealthy foods as well as

screen use in a survey (<5 min) sent via text on two to three random

days each week.23 Parents received the survey in the evening and

were instructed to report based on their child's activities on that day.

Healthy and unhealthy food consumption was assessed with the

Beverage and Snack Questionnaire.36 The Healthy Meal Index

informed categorization of foods into healthy (i.e., fruit, vegetables,

unsweetened dairy) and unhealthy (i.e., convenience foods, sweets/

desserts, salty snacks, sugar-sweetened beverages) foods.37 Foods

consumed were dichotomized into did or did not consume categories.

Values for healthy and unhealthy foods were summed and represent

the number of foods consumed per day with a range from 0 to 3 for

healthy foods and 0 to 14 for unhealthy foods consumed. Parents

were also asked to report their child's total daily screen use

(i.e., watching TV/movies, playing video games, using a smartphone,

tablet, or computer), as well as screen use after 8:00 PM, and after

8:00 PM in the bedroom (hereafter referred to as bedroom screen

time).38,39

2.4 | Statistical analyses

Demographic variables of participants in the 2020 subsample were

compared with the larger sample using chi-square tests. Logistic

regression models were used to predict the likelihood of participating

in the 2020 subsample from pre-pandemic behaviours. Missing data

patterns were examined along with associations with demographic

variables. All outcome variables were examined for normality. Vari-

ables that were skewed (i.e., greater than absolute value of two) were

winsorized at 5%. Multilevel mixed models were used to account for

the repeated measures of the data (days nested within measurement

periods which were then nested within children). Time points were

treated as categorical, and dummy coded with spring 2018 as the ref-

erence point. To assess typical maturational changes, we used linear

combinations to compare differences in means between 2019 and

2018 for each behavioural outcome. We then compared the differ-

ence in change between years (i.e., change from 2020 to 2019 com-

pared to typical maturational changes from 2019 to 2018). This

allowed for interpretation of pandemic-related changes above and

beyond what we would have expected with maturation over time. To

investigate potential moderation, we included a sex-by-age interaction

term in all models. Children's age, sex and race were included as

covariates in all statistical models. Age and sex were included

as covariates to account for previously documented differences in

PA.40 Race was included as a covariate to account for the well-

documented effects of structural racism on health behaviours which

underlie health disparities.41 Race was included in the model as a

dichotomous variable (white vs. historically minoritized groups [i.-

e., Black, Hispanic, more than one race]) to account for the effects of

identifying as a historically minoritized group in the context of a soci-

ety that favours ‘whiteness.’ Children's wear time and mean sleep

duration were also included in activity and sleep variability models,

respectively. All participants who provided valid data at any point

were included in the model and maximum likelihood estimation was

used to account for missingness. The Benjamini–Hochberg procedure

was used to account for multiple comparisons.42 All statistical ana-

lyses were completed in Stata (Version 16.1, College Station, TX).

3 | RESULTS

In 2018 and/or 2019, 231 children provided valid data, 74 of which

re-enrolled in the 2020 subsample. Children provided an average of

19 valid days and nights of Fitbit wear for PA and sleep measures

during each measurement period. Demographics for the 2020
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subsample and the larger cohort are presented in Table 2. Raw esti-

mates of children's behaviours can be found in Table 3. Only MVPA

and bedroom screen time were not normally distributed and therefore

winsorized results are presented. Children who re-enrolled in the

2020 subsample did not differ from the larger cohort sample in terms

of sex [χ2 (1) = 0.30, p > 0.05] grade in school [χ2 (4) = 9.25, p > 0.05]

or school attended [χ2 (2) = 2.43, p > 0.05]. Children who re-enrolled

in the 2020 subsample consumed more unhealthy foods (2.96 ± 0.09

vs. 2.69 ± 0.08) compared to those who did not re-enroll

(t[461] = �2.27, p = 0.02). There was no significant clustering at the

school level on any variables of interest (all ICC < 0.006). Sensitivity

analyses demonstrated that sleep parameterization did not change

the direction or significance of results, thus all nocturnal sleep periods

were analysed. When assessing for potential moderation, all sex-by-

age interactions were non-significant (p > 0.05) indicating no differen-

tial effects for boys and girls over time (data not shown).

Before the pandemic, children naturally increased sedentary time

from spring 2018 to spring 2019 by +25 min and reduced light PA

and MVPA by �17 and �8 min, respectively. Total screen time

increased by +22 min, evening screen time by +19 min and bedroom

TABLE 2 Descriptive characteristics
of participants with only pre-pandemic
measures and those enrolled in the
subsample

2020 Subsample (n = 74) Pre-pandemic only (n = 157)
N % or M ± SD N % or M ± SD

Parent sociodemographic Info

Relationship to child

Mother 67 90.5% 111 91.0%

Father 4 5.4% 4 3.3%

Grandmother 3 4.1% 6 4.9%

Aunt 0 0.0% 1 0.8%

Education

<High school 3 4.1% 6 4.2%

High school 16 21.6% 33 27.1%

Some college 34 46.0% 43 35.4%

2-year degree 5 6.8% - -

4-year degree 9 12.2% 27 22.1%

Graduate or professional degree 7 9.5% 13 10.7%

Marital status

Married 32 43.2% 52 42.6%

Single 18 24.3% 34 27.9%

Living with partner 8 10.8% 15 12.3%

Widowed/divorced/separated 16 21.6% 21 17.2%

Household income

<$20, 000 22 30.1% 35 28.7%

$20, 001–$40, 000 27 37.0% 40 32.8%

$40, 001–$60, 000 7 9.6% 22 18.0%

$60, 001–$80, 000 8 11.0% 10 8.2%

>$80, 000 9 12.3% 15 12.3%

Child sociodemographic info

Age (years) 74 9.8 ± 1.5 154 10.0 ± 1.1

Sex

Male 39 53% 72 45.9%

Female 35 47% 85 54.1%

Race

White 25 34% 53 33.8%

Historically minoritized groups 49 66% 104 66.2%

Household Makeup

Number of people 74 4.2 ± 1.1 122 4.4 ± 1.5

Number of children 74 2.4 ± 0.9 121 2.7 ± 1.4

Note: Historically minoritized groups included children whose parent reported their race as Black,
Hispanic, or more than one race.
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screen time by +7 min. There were no changes in sleep or diet from

spring 2018 to 2019 (Table 4, spring maturation change). Similar

trends in activity and screen time were observed in the summers prior

to the pandemic. However, children slept �17 min less, went to bed

+12 min later and consumed more healthy and unhealthy foods from

summer 2018 to summer 2019 (Table 4, summer maturation change).

During the pandemic, behavioural changes accelerated compared

to pre-pandemic changes. Sedentary behaviour increased by an

TABLE 3 Raw estimates of children's health behaviours across measurement periods (2018–2020)

Spring 2018 Spring 2019 Spring 2020

Subsample Pre-pandemic only Subsample Pre-pandemic only Subsample

N M ± SD N M ± SD N M ± SD N M ± SD N M ± SD

Physical activity (min)

Light PA 45 488.8 ± 84.0 123 499.6 ± 100.3 59 478.8 ± 110.3 33 484.1 ± 101.9 70 394.4 ± 109.4

MVPA 45 78.7 ± 31.1 123 78.5 ± 36.1 59 71.2 ± 38.9 33 63.9 ± 38.7 70 60.5 ± 33.3

Sedentary behaviour (min) 45 313.8 ± 95.6 123 293.3 ± 112.8 59 327.2 ± 119.5 33 329.6 ± 123.9 70 465.9 ± 145.1

Sleep

Minutes asleep 44 470.9 ± 37.9 125 465.0 ± 50.1 58 462.7 ± 45.2 37 475.6 ± 46.1 61 476.0 ± 52.0

Bedtime 44 10:42 PM ± 51.5 125 10:50 PM ± 64.7 58 10:40 PM ± 62.0 37 10:30 PM ± 57.0 61 12:27 AM ± 115.7

Wake time 44 7:05 AM ± 43.0 125 7:07 AM ± 52.7 58 6:58 AM ± 45.7 37 6:57 AM ± 49.6 61 8:57 AM ± 109.6

Midpoint 44 2:53 AM ± 44.0 125 2:58 AM ± 52.8 58 2:48 AM ± 49.8 37 2:43 AM ± 48.2 61 4:37 AM ± 109.1

Midpoint ISD 43 73.0 ± 30.5 117 73.9 ± 38.8 55 65.1 ± 32.3 32 63.3 ± 36.4 60 89.6 ± 60.5

Screen time (min)

Total ST 45 100.5 ± 75.3 83 88.1 ± 65.5 70 105.3 ± 68.7 50 110.9 ± 79.7 74 220.2 ± 121.9

Evening ST 42 25.8 ± 38.3 82 15.0 ± 21.5 69 34.4 ± 34.8 49 34.2 ± 37.4 74 60.4 ± 56.0

Bedroom ST 41 13.9 ± 29.1 82 5.4 ± 11.9 68 16.5 ± 28.0 49 12.5 ± 18.0 74 25.6 ± 35.0

Diet

Healthy foods 45 1.5 ± 0.8 84 1.3 ± 0.7 71 1.5 ± 0.8 50 1.4 ± 0.7 74 2.0 ± 0.8

Unhealthy foods 45 2.9 ± 1.4 84 2.6 ± 1.3 71 2.8 ± 1.2 50 2.7 ± 1.3 73 4.4 ± 1.6

Summer 2018 Summer 2019 Summer 2020

Subsample Pre-pandemic only Subsample Pre-pandemic only Subsample

Physical activity (min)

Light PA 34 471.6 ± 78.5 54 475.2 ± 113.0 43 445.1 ± 108.6 17 478.4 ± 111.3 57 416.1 ± 112.9

MVPA 34 88.1 ± 44.8 54 74.1 ± 43.3 43 68.7 ± 39.1 17 102.7 ± 60.1 57 67.7 ± 38.5

Sedentary behaviour

(min)

34 322.5 ± 107.1 54 315.6 ± 132.9 43 358.5 ± 134.3 17 287.8 ± 147.9 57 493.0 ± 169.4

Sleep

Minutes asleep 35 473.1 ± 60.3 55 492.0 ± 45.0 43 474.9 ± 54.6 19 490.3 ± 50.4 52 485.8 ± 49.4

Bedtime 35 11:38 PM ±

83.3

55 11:32 PM

± 76.6

43 12:02 AM ±

93.9

19 11:47 PM

± 68.9

52 12:50 AM ±

103.6

Wake time 35 8:03 AM ± 87.1 55 8:17 AM ± 80.1 43 8:35 AM ± 99.4 19 8:32 AM ± 69.6 52 9:30 AM ± 116.1

Midpoint 35 3:47 AM ± 79.6 55 3:47 AM ± 75.2 43 4:20 AM ± 92.9 19 4:03 AM ± 63.2 52 5:10 AM ± 106.5

Midpoint ISD 33 72.6 ± 41.4 53 75.8 ± 51.8 41 68.2 ± 39.9 17 60.3 ± 38.1 51 103.9 ± 89.0

Screen time (min)

Total ST 40 139.4 ± 89.6 70 123.7 ± 88.4 66 154.1 ± 97.1 37 174.2 ± 90.2 69 185.7 ± 119.3

Evening ST 40 44.9 ± 53.1 63 36.2 ± 44.0 65 57.8 ± 51.4 37 51.5 ± 47.8 69 62.3 ± 63.1

Bedroom ST 40 16.5 ± 33.5 63 12.5 ± 27.1 65 23.2 ± 33.3 37 24.3 ± 27.7 69 25.9 ± 33.4

Diet

Healthy foods 39 1.3 ± 0.8 70 1.2 ± 0.8 66 1.5 ± 0.9 38 1.6 ± 0.8 68 2.0 ± 0.8

Unhealthy foods 39 2.8 ± 1.3 70 2.6 ± 1.2 66 3.3 ± 1.4 38 3.0 ± 1.3 68 4.1 ± 1.3

Note: Pre-pandemic only measures include children who did not re-enroll in the 2020 subsample. Healthy foods ranged from 0 to 3 and unhealthy foods ranged from

0 to 14 with higher values indicating greater daily consumption. MVPA and Bedroom ST were winsorized at 5% due to high skew.

Abbreviation: ISD, individual standard deviation; MVPA, moderate to vigorous physical activity; PA, physical activity; ST, screen time.
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Dotted lines indicate the trajectory for children who only provided data
in 2018 and/or 2019. Solid lines indicate the trajectory for children who
participated in the 2020 subsample. Raw means and standard
deviations are presented in Table 3.
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F IGURE 1 Mean estimates of (A) physical activity and sedentary behaviour, (B) screen time, and (C) dietary intake. Dotted lines indicate the
trajectory for children who only provided data in 2018 and/or 2019. Solid lines indicate the trajectory for children who participated in the 2020
subsample. Raw means and standard deviations are presented in Table 3
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additional +79 min, light PA and MVPA decreased by an additional

�69 and �8 min, respectively (Figure 1A, and Table 2, pandemic

spring additional change). Children slept an additional +17 min and

sleep midpoint shifted later by an additional +124 min, reflected in

later bed and wake times (Figure 2A,B). Individual variability in sleep

midpoint increased by +33 min. Total screen time increased by an

additional +97 min, while evening and bedroom screen time were

consistent with previous maturational trends (Figure 1B). Consump-

tion of both healthy and unhealthy foods increased by an additional

+0.3 and +1.2 foods, respectively (Figure 1C). A similar, but less dra-

matic pattern of results was observed for summer, except for

unhealthy food consumption where increases were not above what

might have been expected given previous trends in summer eating

habits (Table 4, pandemic summer additional change).

F IGURE 2 Bedtime, wake time and sleep midpoint by year. Black diamonds, sleep midpoint; TST, total sleep time in minutes. Dotted lines
indicate the bed and wake times for children who only provided data in 2018 and/or 2019. Grey boxes represent children who participated in the
2020 subsample
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4 | DISCUSSION

This is one of the first studies to report objective data on the degrada-

tion of elementary schoolers' behaviours during the COVID-19 pan-

demic. Compared to pre-pandemic measures, children's PA, sleep

timing, screen time, and diet were significantly worsened during the

COVID-19 pandemic, even after accounting for previous maturational

trends from years prior. Our findings are generally in line with initial

cross-sectional and retrospective studies, that support, and even

exceed the prediction that the COVID-19 pandemic will “exacerbate
all of the risk factors for weight gain associated with summer recess.”7

While any one of these behavioural changes might be concerning,

their confluence for such an extended period of time may have signifi-

cant health impacts, including dramatic increases in childhood

obesity.43

Our findings are among the first to provide objective data that

support retrospective parental perceptions of decreased activity and

increased sedentary behaviour among pre-adolescents (age 8–12),9

and are among the first conducted in the United States.9,44 While the

increase in springtime screen use is largely influenced by virtual learn-

ing, patterns established in the spring persisted into summer, even in

the absence of virtual school. While high levels of sedentary behav-

iour and screen time along with reduced PA levels could be attributed

to continued pandemic restrictions and potential relaxed parental

rules to allow children to connect with friends virtually, they might

reflect new entrenched behaviour patterns that persist even in the

absence of pandemic restrictions. Although there were minor changes

in sleep duration, the dramatic shift in timing is concerning. On aver-

age, children's sleep timing was shifted by nearly 2 hours during the

spring, likely attributable to the lack of external structure provided by

in-person school. Mounting evidence of shifted sleep timing is

worrisome,14–16 as sleep timing, independent of sleep duration,

is linked with overweight and obesity.43

Evidence for potential health impacts of changes in children's

health behaviours stems from previous work examining behavioural

changes during extended breaks from the structured school year

(e.g., summer vacation), weekends and short breaks (e.g., spring/win-

ter break). Later shifts in sleep timing and reductions in PA levels are

evident during school breaks as little as one week in length and even

more so during a three-week break.28 In a natural experiment examin-

ing children's obesogenic behaviours during structured and unstruc-

tured periods, children's sedentary behaviour, screen time, and sleep

timing worsened during a traditional 12-week summer vacation com-

pared to those who remained in more structured settings (i.e., children

attending year-round school with a shorter 5-week summer vacation).

These behavioural changes corresponded to a statistically significant

acceleration in zBMI gain in children during the traditional 12-week

summer vacation suggesting that structured environments have a pro-

tective effect on children's health outcomes.24

It is possible that the pandemic-related behaviour changes

observed in the present study mimic an extended summer vacation

period, and thus, potential health impacts would align with observed

trends in accelerated weight gain during the summer months.45 In

addition to obesity risk, children who exhibit poor health behaviours

(e.g., low PA, high sedentary behaviour, high screen time, poor sleep)

compared to those meeting recommended levels of health behav-

iours have lower aerobic fitness, worse cardiometabolic indicators

such as systolic blood pressure, insulin and triglycerides,46 and poor

mental and social health.47 In a longitudinal study of 8–11 year old

children followed over 6.5 months, children who experienced

unfavourable changes in physical activity, sleep duration and seden-

tary time had an increased cardiometabolic risk profile (e.g., higher

HOMAIR and lower HDL-C) compared to those who experienced

favourable changes over the same time period.48 Therefore, it is

imperative that intervention strategies target behavioural changes

observed during the pandemic to limit the risk of associated poor

health outcomes in children.

The results of this study should be interpreted within the context

of its limitations. Although this is one of the first studies to report

objectively measured sleep and PA in elementary schoolers during the

COVID-19 pandemic, diet and screen time were parent-reported.

However, by conducting surveys on multiple random days at each

time point over the course of three years, we reduced the threat of

recall bias, a limitation of many existing screen time and diet mea-

sures. While it is surprising that no significant increases were

observed for nighttime and bedroom screen use, this may reflect par-

ents limited awareness of their child's nighttime screen habits, espe-

cially in the context of our delayed bedtime findings which is often

linked with increased screen time.17 Along similar lines, it is also nota-

ble that parents reported children ate both more healthy and

unhealthy foods during the pandemic. While parents may have been

unaware of evening screen time, it is possible that they were more

aware of their child's eating habits during the pandemic given the

increase in daily time spent together and at home.11 Our study did

not differentiate between academic and non-academic screen use,

and it remains unclear if screen content impacts the well-documented

link between screen time and negative health outcomes.49 As neces-

sity of screens has been firmly established, future research should

emphasize the quality and function of screen time, as well as the

potential displacement of other healthy behaviours. It is also worth

noting the limited retention for the 2020 subsample. While there

were no significant differences in behaviour pre-pandemic between

those who did and did not participate in the additional measurements,

this study is subject the potential threat of selection bias. Finally,

although we were able to statistically control for one year of matura-

tion using multiple measurement time periods prior to the pandemic

onset, it is possible that some degree of maturation was not

accounted for and could influence the results. For example, our model

implies that the pre-pandemic maturational changes are of similar

magnitude to those that would occur due to maturation during the

pandemic. However, it is possible that children's behaviours may

change at a faster rate as they age, which may impact the results.

4.1 | Future directions

It is unclear if the behavioural patterns observed in the spring and

summer of 2020 will persist, even after the re-introduction of
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structured environments (i.e., in-person school, extracurricular activi-

ties, summer camps). Health behaviours like engaging in PA, limiting

screen time, or practicing good sleep hygiene need to be completed

frequently and consistently. Lapses in health behaviours, even for

short periods of time, can have immediate negative physical and men-

tal health consequences. Of greater concern is that they can increase

vulnerability to the development of unhealthy behaviour patterns that

become entrenched.50 The longer unhealthy habits are practiced

(i.e., through multiple days of unstructured social distancing measures)

the more ingrained they become. Continued longitudinal data following

the eventual relaxation of these precautions is needed to understand

the acute as well as potential long-term impacts of removing external

structure on children's health behaviour patterns. The significant degra-

dation in children's PA, sleep timing, screen time, and diet in addition to

preliminary reports of drastic increases in childhood obesity43 highlights

the need for swift and resounding intervention efforts to stimy and

repair the devastating trajectory of children's behavioural health.
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